ABSTRACT Insect species exhibiting a weak linkage between adult preference and immature performance have frequently been shown to be prone to outbreaks. We used choice and no-choice tests to examine the preferenceÐperformance linkage of the xylem ßuid-feeding leafhopper, Homalodisca vitripennis Germar. Leafhoppers were offered a choice of hosts common to their native range and also a choice from hosts where they have been recently introduced. Behavior (residence preference, oviposition preference, and consumption rates) was quantiÞed in choice tests. Performance (development of immature leafhoppers, fecundity, body weights, and survivorship) was quantiÞed in no-choice tests. Virtually all aspects of leafhopper behavior and performance varied with host species, yet there were no linkages between adult preference and immature performance. Lagerstroemia indica and Citrus sinensis were the preferred hosts, but both species supported Ͻ30% of neonate development until the second stadia. Glycine max was the superior developmental host with development to the adult stage exceeding 40%, but this host was seldom used by adult leafhoppers. Adult preference reßected aspects of adult performance including increases in fecundity, body weights, and survivorship. These preferenceÐperformance linkages were impacted by environmental context, insect reproductive status, and insect feeding history. Essential amino acids were consistently correlated with performance of both adult and developing insects; relationships between nutrients and preference were less consistent. The weak linkage of adult preference and immature leafhopper performance are discussed in terms of outbreaks of H. vitripennis.
A wide variety of environmental/ecological factors contribute to insect outbreaks, but there may be life history attributes of certain insect species that cause predisposition to radical population ßuctuations. The hypothesis that insects preferentially oviposit on hosts that yield high Þtness to offspring (Jaenike 1978) has received recent attention and may have direct bearing on insect outbreaks. Positive linkages for preference and performance have been veriÞed for many plant/ insect associations (Mayhew 1997) , but a great many other studies have documented weak or no correlations between adult preference and offspring performance (Courtney and Kibota 1990, Price et al. 2004 ). For individual associations, the preferenceÐperfor-mance linkage may be difÞcult to establish because the strength of this linkage may vary with environmental context including the effects of abiotic conditions, host plant phenology, or availability of suitable hosts (Cronin et al. 2001 , Price et al. 2004 .
The phylogenetic constraints hypothesis predicts that insects with a weak relationship between preference and performance (eruptive species) have high potential for outbreaks, whereas insects with strong linkages between preference and performance (latent species) have much more stable population dynamics (Price et al. 1990 , Price 1994 . Latent species are characterized by competition for the highest quality ovipositional sites and comparatively high larval survival. Larvae in eruptive species will often feed at a distance from the ovipositional site and have much more generalized utilization of host plant species. NonspeciÞc oviposition, larval mobility, and broad host range are all features of eruptive species that potentially contribute to outbreak conditions (Pires et al. 2000) .
Outbreaks of Homalodisca vitripennis Germar (Hemiptera:Cicadellidae) in California and French Polynesia (Redak et al. 2004 , Grandgirard et al. 2006 seem symptomatic of eruptive species. In many respects, however, the life history of H. vitripennis within its native range (the southeastern United States) seems incongruous with high reproductive potential. Individual H. vitripennis females may be longlived and produce many eggs throughout their life span (Turner and Pollard 1959) , but fecundity rates per unit time are modest compared with other Hemipterans (Danks 2006 , Razmjou et al. 2006 . Developmental rates are prolonged, with development from egg to adult taking 5Ð9 wk even under optimal laboratory conditions (Brodbeck et al. 2004, Sé tamou and Jones 2005) . In north Florida (roughly the center of H. vitripennis native distribution in the southeast), H. vitripennis are only reproductively active for 4 Ð5 mo (Lopez et al. 2004) and are only abundant for roughly 3 mo (Mizell and French 1987) . Moderate fecundity, slow developmental time, and a short reproductive season inhibit reproductive potential. We are not aware of any reports of H. vitripennis outbreaks within the native southeastern United States. In 20 yr of observation of H. vitripennis populations, recording of abundances of this fairly small insect (Ϸ1 cm) of Ͼ100 per tree are exceedingly rare within the native range (Mizell and French 1987 , Brodbeck et al. 1990 , Andersen et al. 2005 , whereas densities in California have often reached thousands per tree (Bi et al. 2005) .
According to the phylogenetic constraints hypothesis, latent females have the ability to assess host plant quality and act correctly in the interest of the offspring, thus creating the strong linkage between preference and performance. Females of eruptive species do not have these discriminatory abilities (Price 1994) , and hence, there is no linkage. It is also possible to have a poor performanceÐpreference linkage when females accurately assess the nutritional status of a host but make oviposition selections that do not favor high offspring performance De Bruyn 2002, Scheirs et al. 2004 ). This hypothesis may be pertinent given the unusual nutrition of xylem-ßuid feeding leafhoppers such as H. vitripennis. Xylem ßuid contains the lowest level of organic nutrients of any plant tissue (Raven 1983) . Previous studies have shown both physiological and behavioral adaptations that allow xylem-ßuid feeders to subsist on such a dilute nutrient source (Andersen et al. 1989 , 1992 , Brodbeck et al. 1993 . Moreover, the nutritional requirements and use of nutrients vary with H. vitripennis developmental stage. Adult H. vitripennis thrive on hosts that provide high amide diets (Andersen et al. 1989 , 2003 , Brodbeck et al. 1990 ), whereas immature leafhoppers typically do not develop successfully on these same species. Immature leafhoppers develop successfully on host species that provide xylem ßuid with a much more balanced mixture of amino acids (Brodbeck et al. 1995 (Brodbeck et al. , 1996 .
A weak linkage between preference and immature performance may not reßect discriminatory abilities of females but rather a prioritization to maximize adult Þtness (including the acquisition of nutrients for egg production) over relocation to maximize immature performance. Slow development of immature leafhoppers and the potential longevity of adults suggest that developed adults are a costly and valuable resource. Relocation to hosts optimal for immature performance may have risks and costs. Host selection based on enhanced adult performance may result in the poor linkage of ovipositional preference to offspring success that is characteristic of eruptive species.
In the following experiments, we examined the preferenceÐperformance linkage of H. vitripennis on host plants common to this insects introduced range (California) and native range (northern Florida). Choice tests quantiÞed ovipositional preference and "residence time" preference. No-choice tests were used to evaluate the performance of both adults and neonates on each individual host species. SpeciÞcally, we examined adult performance (survivorship, dry body weight, and fecundity) and nymph survival and development. Consumption rates were also quantiÞed for insects caged on each host to further quantify adult feeding preferences. Diapausing, as well as reproductively active, leafhoppers were examined because H. vitripennis are diapausing for the majority of the year and leafhopper success during diapause may be critical to population ßuctuations. We also examined the effects of feeding history, because insect history has been shown to impact the preferenceÐperformance linkage. Last, we evaluated the nutritional value of the diet (xylem ßuid) for all plants to assess whether leafhoppers were correctly assessing the nutritional value of host plants.
Materials and Methods

Experiments
Each of six sets of experiments consisted of four replicated choice experiments with a mix of four host plants in each of four cages, coupled with no-choice tests in which insects were conÞned with four plants of a single species. All six experiments were similar except in selection of host plant species and reproductive status and feeding history of the leafhoppers. Hosts selected were those commonly used by H. vitripennis from a region in which this insect has been recently introduced (California) and hosts commonly used within the native range of the insect (northern Florida). Glycine max (Merrill) was also provided as a fourth host in each experiment because this is one of the few hosts that consistently provides high performance for developing immature leafhoppers (Brodbeck et al. 1999) . Plants of similar size were selected to minimize host size effects (two large G. max were used in each cage to approximate the size of the other small woody species). All experiments were conducted in greenhouses at the North Florida Research and Education Center in Quincy, FL. Adult H. vitripennis were collected on 6 June 2002 from neutral hosts (species not used in the experiments) from the North Florida Research and Educa-tion Center in Quincy, FL. Individuals were sexed, and 12 mating pairs were released into the center of each cage. At Ϸ24-h intervals (1000 Ð1400 hours each day) the location of all leafhoppers was recorded in each cage. After 10 d, all leafhoppers were removed from all cages and lyophilized for 24 h before determination of dry weights (10 d was the maximal time as a longer interval resulted in emerging neonates that made fecundity much more difÞcult to quantify). Each plant was removed from all cages, and all leaves were inspected for eggs. Number of total eggs and clutches on each plant were recorded.
The four plants of each species from no-choice tests were used to establish consumption rates by measuring liquid excreta from newly collected adult female H. vitripennis as previously described (Brodbeck et al. 1996) . Brießy, a detachable 15-ml polyethylene tube hung vertically from a 50-ml polyethylene tube that surrounded the shoot of each plant. Individual females were placed in each of the feeding assemblies and the ends of the larger tube were secured by cut rubber sponges. Excreta collected in the smaller tube were quantiÞed and collected at 24-h intervals for 3 d.
The remaining plants of each host species were combined in a separate cage (one cage for each host species). At the conclusion of adult extraction, 30 Ð90 neonates (Ͻ24 h of age) from eggs oviposited on a neutral host (Gossypium hirsutum L.) were placed randomly on the each of the plants in each cage. Immature leafhoppers were counted daily until all insects had either successfully developed or died.
Xylem ßuid was collected from all plants used in the choice tests. The shoot (Ϸ0.5 m long) was excised, and xylem tension was measured with a pressure chamber (Andersen et al. 1989) . Xylem ßuid was collected at a 0.25-MPa overpressure for 90 s, placed on ice, and stored at Ϫ20ЊC before chemical analyses.
Experiment 1b: Diapausing (Field-Collected and G. max--Reared) H. vitripennis on Hosts from the Introduced Region. Two sets of choice and no-choice tests were run simultaneously using the hosts C. sinensis, C. limon, V. vinifera, and G. max. One set of experiments used Þeld-collected adults as described above; the other set used adult H. vitripennis that had been reared on, and fed exclusively on, G. max. All adults had eclosed at least 2 wk before use in experiments to minimize age effects between Þeld-collected and laboratory-reared H. vitripennis. Experiments began on 25 August 2001 and were performed for 22 d, because egg development did not necessitate terminating the experiments before neonate emergence. Similarly, fecundity rates and immature development could not be recorded at this time of year. Xylem ßuid was collected at the end of the experiment as previously described.
Experiment 2: Reproducing H. vitripennis on Hosts from the Native Region. Selection of residence time and oviposition, consumption rates, immature development, adult survivorship and weight, and xylem nutrient content were determined in choice and nochoice tests as described above. The four host plants used in this experiment were Lagerstroemia indica L., Ilex vomitoria Ait., Ilex cornutaÔBurfordiiÕ Lindl., and G. max. Choice and no-choice tests began on 14 July 2003 and ran for 10 d using Þeld-collected adults. Consumption rates, immature longevity, and xylem ßuid analyses were subsequently conducted as previously described.
Chemical Analyses
All collected aqueous xylem ßuid was Þltered through 10,000-mol. wt. Þlters (Millipore, Milliford, MA) and aliquoted for quantiÞcation of amino acids. Samples were lyophilized and derivatized by adding 100 l of 2:2:1 ethanol:triethanolamine (TEA):water and dried. Twenty microliters of 7:1:1:1 ethanol:TEA: water:phenylisothiocyanate was added, and reactions were allowed to proceed for 20 min under N 2 atmosphere and dried. Sample analysis was in 5 mM sodium phosphate buffer with 6% acetonitrile (pH 6.4). Detection and quantiÞcation was accomplished using a Waters high performance liquid chromatography system equipped with a Pico tag column (Waters Division; Millipore) (Heinrickson and Meredith 1984) .
Statistical Analyses
Insect residence (plant selection) was determined by daily measurements; hence, all data were analyzed as repeated measures using PROC MIXED (SAS Institute 2003). All other measurements were analyzed by one-way analysis of variance (ANOVA) using PROC GLM. For measurements of survivorship, individual cages were the experimental units and means for individual no-choice cages were compared with survivorship in choice tests with insects of the same cohort. For fecundity (total eggs, total clutches, eggs/ clutch), individual plants were the experimental unit with the exception that the two G. max plants in each pot in each cage were pooled to allow for discrepancies between the size of G. max and woody host species. Dry weight measurements of adults (no-choice tests only) used individual insects as the experimental units. Consumption rates were analyzed by one-way ANOVAs based on mean daily consumption of each insect on each plant (n ϭ 4). However, data from the Þrst 24 h were discarded because we had previously found that this period of acclimation is highly erratic (Brodbeck et al. 1999) . For immature leafhopper development, we calculated mean longevity, mean stadia achieved by neonates, and percentage of immature leafhoppers to reach each instar on each host species, and all measurements were analyzed by one-way ANOVA. Nutritional variables (amino acids) were analyzed by one-way ANOVA. For all cases where ANOVA was used, mean separations were examined by DuncanÕs mean separation test when applicable. Correlation coefÞcients and regression analysis was performed to examine the relationship between individual amino acids and measurements of insect preference and performance using mean measurements for each species. All statistical analyses were performed using SAS (SAS Institute 2003).
Results
Leafhopper Preference (Residence Time, Feeding, and Oviposition)
In all choice tests, speciÞc host species received disproportionate use by adult H. vitripennis as shown by residence time. Repeated-measures analyses showed that time did not inßuence leafhopper distribution (Table 1) . Abundances of reproducing H. vitripennis on hosts in experiment 1 were higher on C. sinensis than on either C. limon or V. vinifera, with abundances on G. max occurring between the extremes. In hosts selected from the native host range of H. vitripennis (experiment 2), patterns were even more pronounced, with insects residing on L. indica Ͼ80% of the time. Preference patterns for diapausing insects on California hosts showed similarities to those of reproducing H. vitripennis residing predominantly on C. sinensis, although patterns were not as pronounced, particularly for soy-reared insects.
Leafhopper consumption rates also varied signiÞ-cantly with host species (Table 2) . In experiment 1, consumption rates of both reproducing and diapausing H. vitripennis were signiÞcantly higher on G. max than on either Citrus species (rates on V. vinifera were intermediate).
Comparison of H. vitripennis in varying reproductive state and variable feeding history showed that these factors did not inßuence consumption rates on individual hosts. In experiment 2, H. vitripennis consumed signiÞcantly more xylem ßuid on L. indica and G. max than on either species of Ilex.
Patterns of host preference in egg distribution were signiÞcant in choice tests of reproducing H. vitripennis (Table 3) whether quantiÞed as eggs/plant, clutches/ plant, or fecundity rates. Total numbers of eggs deposited on C. sinensis were 67% greater than on V. vinifera and 6-and 25-fold greater than on G. max and C. limon, respectively. There were marginally significant differences in number of clutches found on each host (P Ͻ 0.051), with the total number of clutches found on C. sinensis more than doubling clutches found on the other hosts. SigniÞcantly larger clutches were found on C. sinensis and V. vinifera than on the other two hosts. In experiment 2, egg densities on the three hardwood species were not signiÞcantly different, but all exceeded densities found on G. max by Ͼ25-fold. G. max had signiÞ-cantly smaller numbers of clutches and eggs, lower fecundity rates, and smaller clutch sizes than the other three hosts.
Performance of Immature Leafhoppers in No-Choice Tests
Only neonates conÞned to G. max developed with any consistent success. Fewer than 40% of immature leafhoppers survived until the second instar on any of the other six hosts examined (Fig. 1) . L. indica was the only other host that supported H. vitripennis through development, but Ͻ10% of neonates survived until adulthood on this host. In contrast, Ͼ40% of neonates placed on G. max successfully developed to the adult stage in both experiment 1 and experiment 2. Neonates developed signiÞcantly better on G. max than the other six hosts whether measured in terms of longevity or mean stadia achieved (Table 4) .
Adult Performance in No-Choice Tests
No-choice tests run concurrently with choice tests to examine adult performance (body weight of adults, ovipositional rates, and survivorship rates) showed similar effects of host species. For reproducing leafhoppers in experiment 1, females conÞned to G. max were signiÞcantly larger than on the other three hosts (Table 5) . Egg deposition was signiÞcantly higher (3-to 5-fold) on C. sinensis and V. vinifera than on C. limon and G. max (Table 3) . Survivorship of adults was the only measurement of performance not impacted by host species, ranging from 54.2% of C. limon to 70.8% on V. vinifera (this range was not signiÞcantly different from survivorship rates in choice tests).
For sexually active insects on Florida hosts, both females and males were signiÞcantly larger on G. max and L. indica than on I. cornuta and I. vomitoria (Table  5) . Egg deposition was signiÞcantly less on G. max (Ͼ25-fold) than on the other three species. Weights of both female and male insects conÞned to G. max and L. indica were signiÞcantly higher than leafhoppers feeding on I. vomitoria and I. cornuta. Adults on L. indica had higher survivorship rates (86.6%) than on the other three hosts (45.8 Ð50%).
Diapausing leafhoppers collected from the Þeld on California hosts showed lower host plant effects. Field-collected females conÞned on single hosts did not have signiÞcant differences in dry weight, although males conÞned to G. max were signiÞcantly larger than males feeding on V. vinifera (Table 5) . Adult leafhoppers reared on G. max showed stronger host effects, with females feeding on G. max and C. sinensis being signiÞcantly larger than adults feeding on V. vinifera and C. limon. G. maxÐreared males feeding on G. max were signiÞcantly larger than those feeding on the other three species. Survivorship of Þeld collected adults feeding on C. sinensis (87.5%) and C. limon (100%) greatly exceeded survivorship rates on V. vinifera (37.5%) and G. max (20.8%). In contrast, all soy-reared adults survived on V. vinifera, whereas survivorship on the other three species varied from 54.2 to 66.7%.
Host Plant Nutrition
Amino acid analysis showed high variability between host plant species in amino acid proÞles (relative proportions of the 19 amino acids measured) in all experiments as well as variability in total amino acid concentrations in some experiments. For experiment 1, G. max and C. sinensis had much higher concentrations of amino acids than either C. limon or V. vinifera during the summer (Table 6 ). Asparagine was the dominant amino acid in xylem ßuid from G. max, whereas C. sinensis and C. limon contained proportionally high concentrations of both asparagine and proline. Glutamine was the dominant amino acid in V. vinifera. These central characteristics of the proÞles for each species were similar when tests were run in autumn with diapausing insects, but total concentrations of amino acids were lower at this time (data not shown). Total concentrations of amino acids were not different for hosts in experiment 2, although proÞles varied radically (Table 6 ). Glutamine was the dominant amino acid in xylem ßuid from L. indica (Ͼ70%), whereas both amides (glutamine and asparagine) and arginine were present in high concentrations in both I. cornuta and I. vomitoria. Asparagine was once again the predominant amino acid from xylem ßuid of G. max.
Discussion
Preference-Performance Linkage
The phylogenetic constraints hypothesis predicts that species prone to outbreaks or intense population ßuctuations (eruptive species) will have a weak rela- tionship between adult host preference and the performance of immature leafhoppers (Price et al. 1990 , Price 1994 . Virtually all measurements of insect preference and performance were highly impacted by host plant in our experiments, but there was no evidence of a positive linkage between adult preference and immature performance. Thus, our results indicate that H. vitripennis behaves as an eruptive species within the framework of the phylogenetic constraints hypothesis as discussed below. The host that provided for maximal development of immature leafhoppers (G. max) was neither preferred for residence nor oviposition. Abundances of H. vitripennis on G. max were only 5Ð50% of abundances on the two preferred hosts, C. sinensis (experiment 1) and L. indica (experiment 2), respectively. Oviposition rates on G. max were Ͻ20% of those on the hosts V. vinifera, C. sinensis (experiment 1), I. vomitoria, I. cornuta, and L. indica (experiment 2). Conversely, C. sinensis and L. indica were the most frequently used hosts in the two experiments, and both hosts had among the highest egg deposition rates of any hosts examined, yet neither host supported Ͼ30% of neonateÕs development until the second instar.
For many insect species, adult preference or distribution may reßect immediate net nutrient gains available to adults (Jaenike 1986 , Scheirs et al. 2004 , rather than host selection based on progeny Þtness. Host selection by H. vitripennis was more consistent with improving aspects of adult Þtness rather than selection based on progeny success. In all experiments, preference was associated with some measurement of adult performance, speciÞcally how H. vitripennis used hosts varied with host assemblage, thus suggesting the importance of environmental context as previously documented for other insects (Cronin et al. 2001 , Price et al. 2004 . In experiment 1, the preferred host (C. sinensis) had high nutrient concentrations, and adult Þtness was expressed as high fecundity. Diapausing insects given assemblages of these same hosts preferentially selected the same hosts as reproducing insects. In this case, however, Þtness was expressed by body weight as all diapausing insects (both male and females with varying feeding histories) feeding on C. sinensis had high body masses despite often having signiÞcantly lower consumption rates than on other hosts. Field-collected adults preferred both Citrus hosts over V. vinifera and G. max. Low survivorship on these latter two hosts suggests that H. vitripennis often rejected these hosts even when no other hosts were available.
In experiment 2, three of the four hosts were suitable ovipositional hosts, and host selection largely reßected adult consumption rates. High consumption of L. indica resulted in high adult performance as measured by female and male body weights and survivorship. Thus, in one assemblage (experiment 1), host preference seems related to oviposition, whereas in the other assemblage, preference (experiment 2) was correlated with consumption and adult body mass. Preference was not related to the performance of immature leafhoppers in either assemblage.
Differences in host use between Þeld-collected leafhoppers and those reared on G. max underscore the importance of insect feeding history. Often general patterns in host use were similar, but G. maxreared leafhoppers were more likely to use marginal hosts. For example, leafhoppers reared on G. max resided on the least preferred hosts (V. vinifera and G. max) more than twice as often as Þeld-collected adults (Table 1) . Leafhoppers reared on G. max also maintained consumption rates nearly twice as high when conÞned on these same marginal host species ( Table  2) . As a result, leafhoppers reared on G. max survived at 2-to 3-fold higher rates than did Þeld-collected adults when conÞned on V. vinifera (100 and 37.5%, respectively) and G. max (54.2 and 20.8%, respectively) . G. max-reared leafhoppers weighed less than those collected from the Þeld at the onset of the experiment, and only leafhoppers conÞned on host plants with the highest nutrient sources (C. sinensis and G. max) signiÞcantly gained weight. In contrast, Þeld-collected leafhoppers that were not reproductively active maintained high body weights on all host species.
Nutrition
The phylogenetic constraints hypothesis also predicts that for "latent" species (those not subject to rapid population ßuctuations), females have the ability to accurately assess hosts of high nutritional quality for developing immature leafhoppers and oviposit accordingly. We have previously established that nitrogen form (amino acid balance) is more important to developing H. vitripennis than is total dietary nitrogen (Brodbeck et a1. 2004) . ProÞles of amino acids in the xylem ßuid of many plant species are often highly skewed, with one or two amino acids often accounting for the majority of amino nitrogen (Pate 1980 ). Xylem ßuid with balanced nutrient proÞles offers proportionally higher concentrations of "essential amino acids" (those that insects cannot synthesize; Taylor and Medici, 1966) than do ßuids that have one or two amino acids predominating. Our results are consistent with the hypothesis that these essential amino acids are pivotal to developing immature leafhoppers. Eight of the nine essential amino acids quantiÞed in this study are signiÞcantly higher in xylem ßuid of the only species that consistently supported H. vitripennis development (G. max) than in ßuid from the other six host species (Table 6) . Despite the higher concentrations of these nutrients in G. max, and the subsequent beneÞts to immature success, this host was not frequently selected by adult H. vitripennis.
When data from all reproducing insects are combined, few correlations exist between nutrients and measurements of insect preference or behavior (residence time, egg deposition, or consumption rates). Lack of signiÞcance of pooled data may result from differences in why H. vitripennis selected hosts in the two experiments (preferring a suitable oviposition host in one experiment and a maximal feeding host in the other). In contrast, aspects of insect performance were consistently impacted by nutrients, speciÞcally essential amino acids. These nutrients were not only well correlated with immature development, but also to accumulation of adult biomass (Table 7) . Of the nine essential amino acids quantiÞed, only arginine was not signiÞcantly (and consistently) correlated with performance. Arginine is the essential amino acid found in highest concentrations in the xylem ßuid of many plant species and thus is less likely to be limiting. Summation of the eight essential amino acids that are dilute in xylem ßuid of each species gives one of the most consistent correlates to both immature development and accumulation of adult biomass (Fig. 2) . The only other amino acid correlated with measurements of performance was tyrosine, which may often act as a substitute for phenylalanine in supplying aromatic amino acids (Brodbeck and Strong 1987) . Symbiotic bacteria capable of synthesizing essential amino acids have recently been identiÞed in H. vitripennis (Wu et al. 2006), but the contribution of these bacteria has yet to be quantiÞed. Results of this study, coupled with other studies addressing developing H. vitripennis (Brodbeck et al. 1995 , 1996 , 1999 , Bi et al. 2005 suggest that xylem concentrations of these essential amino acids are central to H. vitripennis performance.
Relationship of Caging Studies to Field Populations of H. vitripennis
The primary objective of this study was to identify characteristics of the life history of H. vitripennis associated with adult preference. Use of individual hosts varied with environmental context within these caging studies, and thus would certainly be expected to vary from H. vitripennis behavior in the Þeld. Nevertheless, in many aspects, host use in caging studies was similar to what has previously been reported for Þeld populations of H. vitripennis, particularly when effects of host chemistry are taken into account.
Lagerstroemia indica is a highly preferred host in north Florida and is consumed at high rates; however, nymphs are proportionally rare, suggesting it is not an efÞcient reproductive host. Whereas C. sinensis was highly preferred over alternatives in our caging studies, C. limon is an equally preferred host in Þeld studies (Bi et al. 2005) . However, the Þeld study of Bi et al. also contrasts our caging results, because C. limon and C. sinensis were shown to be of roughly equal nutritional value in the Þeld, and seasonal ßuctuations in host preference closely paralleled alterations in xylem ßuid chemistry of the two species. Moreover, in the Þeld study, abundances of immature leafhoppers on Citrus were highest when essential amino acids were proportionally highest, again stressing the importance of amino acid balance to developing nymphs. Results of both caging studies and Þeld studies show consistent results in how H. vitripennis uses speciÞc diets (i.e., high amide diets are consumed at high rates and result in high adult Þtness, balanced proÞles result in optimal development of immature leafhoppers).
We note, however, that neither this study nor previous studies have determined a basis for ovipositional preference based on xylem ßuid chemistry. Alternative hypotheses for oviposition choice by H. vitripennis have been proposed (Irvin and Hoddle 2004) . The disconnect between xylem chemistry consistently impacting aspects of performance but having no effect on oviposition preference may, in part, explain the weak preferenceÐperformance linkage. Reasons that H. vitripennis does not identify G. max as a suitable host are not clearly understood. G. max and other herbaceous legumes have been shown to be effective rearing hosts for H. vitripennis (Sé tamou and Jones 2005), but we are not aware of any published reports of high populations of H. vitripennis on herbaceous legumes in the Þeld.
Conclusions
The weak linkages between adult preference and immature performance exhibited by H. vitripennis in choice and no-choice tests are the central characteristics of an eruptive species. Previous studies of Þeld populations of H. vitripennis document other aspects of life history that are indicative of eruptive species Fig. 2 . Regression of aspects of adult performance (mean dry body weights of adult male and female H. vitripennis) and immature performance (longevity and mean stadia achieved from the neonate stage) as a function of the amount of limiting essential amino acids (summation of histidine, threonine, valine, methionine, isoleucine, leucine, phenylalanine, and lysine multiplied by daily consumption rates). Regressions were run on the mean values for xylem chemistry, consumption rates and insect performance for all of the host species examined in experiments 1 and 2 (n ϭ 8).
including broad host range, nonspeciÞc oviposition and high larval motility. H. vitripennis is highly polyphagous, with a known host range exceeding 100 hosts (Andersen et al. 1992) . While ovipositional preferences may occur, eggs are laid on a wide variety of hosts (Hummel et al. 2005) . Immature H. vitripennis are highly mobile, and even Þrst stadia leafhoppers have been recorded moving meters per day in search of food (Tipping et al. 2004 ).
In the broadest sense, phylogenetic constraints refers to old adaptations within a group of related species that set limits on the range of life history patterns and behaviors that can evolve (Price 1994) . For Cicadellid leafhoppers, we view it as likely that the primary constraint was adaptations that allowed these insects to subsist on such a dilute nutrient source as xylem ßuid. Although few xylem-ßuid feeders have been studied as extensively as H. vitripennis, the available studies suggest similarities in morphological constraints (Novotny and Wilson 1997), nutrient use (Brodbeck et al. 1993) , and other aspects of life history (Redak et al. 2004) . Potential similarities within this taxon, the growing importance of plant pathogens transmitted by xylophagous insects, and recent Cicallelid outbreaks suggest that the preferenceÐperfor-mance linkage for other xylem-feeding leafhoppers merits study.
